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usually slow and although I have notes of several cases in
which glycosuria has occurred within a year or two of the
first appearance of the symptoms of intestinal indigestion
others have dated back the initial attack ten or 15 years. I
have for some time maintained that the treatment of diabetes
is to a large extent prophylactic, and I believe that in the
early treatment of disturbances of the chemistry and bacterio-
logy of the upper intestine lies, at any rate in part, the
solution of a difficult problem.
Beaumont-street, W.
ON THE CAUSE OF ACHROMASIA IN
LEUCOCYTES.1
BY H. C. ROSS, L.R.C.P. LOND., M.R.C.S. ENG.,
LATE SURGEON, ROYAL NAVY; PATHOLOGIST TO THE ROYAL SOUTHERN
HOSPITAL, LIVERPOOL.
IN recent publications (1, 2, 3)* I have drawn attention to
a method of examining living blood cells by spreading them
upon agar jelly which contains stain and salts in solution.
These papers have described how the leucocytes absorb the
stain during life, and that their granules and cytoplasm
become coloured, but that the colouration does not
apparently affect their life since amoeboid movements con-
tinue. However, as soon as their nuclei stain, death
ensned, and liquefaction of the cytoplasm then occurs,
followed by a gradual, and in certain circumstances rapid,
loss of stain. This loss of stain being a remarkable
phenomenon required further investigation. The present
paper describes the result of this investigation with an
enumeration of a series of associated events which occur in
cells shortly after death, and I shall endeavour to show the
cause of the loss of stain by connecting these events
together. 
- - -
&plusmn;ne researcnes aireacly reierrea to nave demonstrated tnat
the cytoplasm of leucocytes appears to present jelly-like
properties and that the diffusion of stain into it is hastened
by heat and alkalies and is delayed by neutral salts. Con-
sequently, when the cells are resting on agar which being
of a certain temperature contains also a sufficiency of
stain and alkali to stain the nuclei, death is occasioned,
and it occurs either just before or just after the staining
of the nucleus, for I am unable to determine whether
the staining of the nucleus causes death, or whether death
allows the nucleus to stain. The fact remains, however,
that staining of the cytoplasm and granules does not appear
to be very detrimental, for leucocytes will even show
excited movements under these conditions, but with a
stained nucleus they are invariably immobile, even on a jelly
which contains stimulating constituents (3).
If the stained agar film on which the cells are resting
contains sufficient alkali and heat to cause the stain to
diffuse into the cells to such an extent as to produce staining
of the nucleus and death, the cytoplasm begins to liquefy as
demonstrated by the onset of Brownian movement of the
granules, and it has already been shown that liquefaction of
the cytoplasm begins at the periphery and progresses towards
the nucleus (2). Then a remarkable thing happens. The
nucleus gradually loses its stain until it appears as unstained
as it was when the cell was placed on the agar.
The researches also showed that this loss of stain from
stained leucocytes occurs with varying rapidities. For
instance, in Experiment 1, given in the paper own the Death
of Leucocytes" " (1), when the agar on which the cells are
resting only contained stain and no salts ’’ the nuclei and
granules of these cells remained stained for two or three
hours ; when, however, they burst, their stained nuclei and
granules were discharged and remained stained a purple
colour, so that ultimately the slide contained many free and
stained nuclei floating about under the cover-glass." In
.Experiment 3, however, in the same paper, when the agar
contained the salts, sodium citrate and sodium chloride, the
following occurred : "In about half an hour after staining of
the nucleus the stained part of the cytoplasm gave up its
5 Pancreatic Diabetes (Surgery, Gynecology, and Obstetrics, January,
1908, p. 22).
1 The word leucocyte in this paper refers to the polymorphonuclear
leucocyte.
* The figures within parentheses refer to the bibliography at the end
of the article.
stain, and then the nucleus and granules did the same until
the whole cell was as unstained as it appeared when the
slide was prepared." " Both of these experiments were con-
ducted at a temperature of 30&deg; C. I will endeavour to show
that there is an intimate relationship between this loss of
stain from the nucleus and the liquefaction of the cytoplasm.
jD<?/MM’M.&mdash;A leucocyte may be defined as being
achromatic when its stained nucleus has lost its stain, or
when its unstained nucleus refuses to stain with the cell
resting in a medium which will stain the nuclei of fresh
normal leucocytes.
Methods adopted for demonstrating achromasia.-l. Some
blood was citrated and kept at a temperature of 30&deg; C. for
four days, when it was found that many of the nuclei of the
leucocytes refused to stain by the ordinary methods of
staining blood.
Z. Blood was examined at a temperature of oU-’ U. on a
film prepared from a jelly, 6 cubic centimetres of which
contained 1 cubic centimetre of Unna’s polychrome methylene
blue (Grubler) and 5 cubic centimetres of water. It also
contained in solution 1 per cent. of agar, 1 per cent. of
sodium citrate, and 0 - 5 per cent. of sodium chloride, and it
was rendered alkaline by the addition of O. 4 cubic centi-
metre of a 5 per cent. solution of sodium bicarbonate. 2 The
nuclei stained deeply in ten minutes and then slowly lost
their stain. After the loss another part of the same agar
fflm stained the nuclei of fresh normal leucocytes. -
3. Z per cent. of sodium citrate and 0 ’ 5 per cent. of sodium
chloride were added to some Unna’s stain. A volume was
mixed with an equal volume of blood and kept at 370 C. for
15 minutes. An agar film was prepared as in Method 2. The
corpuscles in the incubated mixture were examined on this
film and were seen to be deeply stained. The slide was then
incubated for ten minutes, it having previously been shown
that at this temperature there was sufficient concentration of
stain and alkali in the agar to stain fresh normal leucocytes
in ten minutes. It was found, however, on removal from the
incubator that the stained nuclei had lost their stain, though
many of the cells were intact and not ruptured.
Since cells kept for four days are dead (3), and since
staining of the nuclei is a sign of death (1), I conclude that
achromasia is due to a change taking place in the cells after
death, for it is evident that the stain remains unchanged as
it will stain the nuclei of fresh normal leucocytes.
Effect of heat own aehromasia,-Method 2 was repeated, but
with a temperature of 200 instead of 30&deg; C. 0 ’ 5 cubic centi-
metre instead of 0 4 cubic centimetre of alkali solution had
to be added to produce staining in the same time (1, 3).
Few of the nuclei lost their stain until rupture of the cells.
I hence conclude that heat accelerates achromasia.
Effeets of salts and r1{,pture on aekromasia.-Method 2 was
repeated and the experiment given in the last paragraph was
also repeated ; at either temperature (200 C. or 30&deg; C.) if a
cell ruptured it lost its stain immediately. But in the first
experiment quoted from a former paper, when salts were
absent, it was stated that when the cells ruptured, free,
stained nuclei were to be seen floating under the cover-glass.
I conclude that rupture causes immediate achromasia in the
presence of salts but not in the absence of salts.
Effect of heat and salts on liquefied cytoplasm,-Previously
to incubation of the slide for ten minutes, as described in
Method 3, the granules were showing Brownian movement
whereas after the incubation the granules appeared quite
fixed, and since Brownian movement of the granules is a sign
of liquefaction of the cytoplasm (1), it is manifest that the
incubation for ten minutes had in some way affected the cell
contents. Yet in the first experiment in the previous paper,
part of which has already been quoted, it was shown that
Brownian movement continued for a long time on agar which
contained no salts although the slide be kept at 30&deg; C. In
this last experiment, therefore, heat does not apparently
affect liquefied cytoplasm. The inference is that liquefied
cytoplasm will pass out of the cells by osmosis in the presence
of heat and salts, in which case the cell collapses and the
granules appear fixed; but if no salts are present osmosis
will not occur even at a comparatively high temperature.
Experiments to show the relationship between osmosis of the
cytllplaS1n and the onset of ccehromaszc.-Vhen Method 3 was
repeated but without incubation of the slide achromasia did
not take place for a long time at a temperature of 15&deg; C.,
2 Merck’s reagents have been used throughout.
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but the Brownian movement continued, showing absence of
osmosis of the cytoplasm. Yet both achromasia and osmosis
occurred rapidly at 370 C. I conclude that there is a rela-
tionship between osmosis and achromasia, and this con-
clusion is borne out by the fact that if we accelerate osmosis
by the addition of salts we also concomitantly accelerate
achromasia. Yet the onset of achromasia cannot be abso-
lutely dependent on osmosis of the cytoplasm, because,
firstly, the cytoplasm may be entirely washed away without
achromasia as in the first quoted experiment; and, secondly,
achromasia can occur without osmosis of the cytoplasm as
demonstrated by the following experiment. Blood was
mixed with an equal volume of citrated stain and kept at
370 C. Examination of a sample on a slide showed that the
nuclei were stained in 15 minutes. In one hour a fresh sample
showed that many of the cells had lost their stain, and in
the majority of these achromatic cells the granules were
immobile, though very occasionally Brownian movements
were seen in them.
At first sight the deductions from the foregoing experi-
ments appear to be paradoxical, for they show that while
there is a relationship between osmosis and achromasia the
achromasia may occur without osmosis, provided there are
salts in the surrounding medium, and furthermore that if
there are no salts present achromasia will not occur even if
the cytoplasm is completely washed away from the nucleus.
The obvious conclusion is that achromasia is due to the
nucleus being in contact, either directly or through the cell
wall, with a highly saline medium. That is, that it is due to
dialysis of the chromatin. This explains why rupture of a
cell in the presence of salts causes the nucleus to lose its
stain instantly, no matter at what temperature it may be
kept; and it also explains why acceleration of osmosis of
the cytoplasm out of an unruptured cell will accelerate
achromasia, for the cell collapses and the chromatin dialyses
out through the cell wall. - - , - -, .
There are a number of other facts which 1 have observed
in connexion with this subject which are not yet explained
on the above hypothesis. For instance, a cell remains
stained for some little time after cessation of amoeboid move-
ment, even in the presence of salts and at a high tempera-
ture, whereas according to the above theory the cell should
lose its stain immediately after death. And again, it has
been mentioned in a former paper (1) that pressure
accelerates achromasia, for a stained cell will lose its
stain sooner when gently pressed out by a cover-glass than if
it is floating near a bubble. The following experiment
elucidated these points.
Experiment to show that the onset of achromasia is also
dependent on the completion of the liquefaction of the cyto-
plasm.&mdash;Some blood was mixed with citrated stain and
incubated until the nuclei stained. The cells were then
washed by adding to the mixture four times its volume of a
solution containing 3 per cent. sodium citrate and 0 - 5 per
cent. sodium chloride. The combination was incubated for
half an hour and on examination the majority of cells had
lost their stain but they were not really achromatic, because
when more stain was added to the cells which had been
allowed to settle by gravity in one end of the tube it was
found that the nuclei re-stained. It was also noticed that
the cytoplasm immediately surrounding the nuclei was still
solid, as it coloured faintly (2). This experiment was repeated
with incubation of the washed cells for two hours when it
was found that the majority of the cells could not be re-
stained and that apparently all the cytoplasm had liquefied.
I have shown that this liquefaction of the cytoplasm is a
gradual process.
Summary.
In my description of an excitant for leucocytes (3) I have
pointed out that some time after death polymorphonuclear
and eosinophile leucocytes frequently appear as if they were
mononucleated. This I believe to be due to liquefaction of
the nucleus when the lobes I I run " together to form a single
nuclear mass. Liquefaction of the cytoplasm begins at the
periphery and gradually progresses towards the nucleus (2).
If the cell is resting in a saline medium, and if a certain
amount of heat is present, the liquefied cytoplasm passes out
of the cell as soon as it liquefies, which explains the absence
of Brownian movement of the granules at death on citrated
agar at comparatively high temperatures (1, Experiment 3).
When the cytoplasm has completely liquefied, the nucleus
loses its support and comes in contact with the cell wall.
Dialysis of the chromatin may then occur. So long as there is
unliquefied cytoplasm between the nucleus and the cell wall,
no dialysis of the chromatin can take place and the nucleus
remains stained. When a cell is pressed out there is only a
film of cytoplasm to liquefy, and achromasia consequently
occurs rapidly after death, especially if osmosis is hastened
by heat. Whereas, if the cell is floating it will take a
longer time because its shape is spherical. This will explain
all the phenomena seen, including the points that osmosis
can occur to some extent without achromasia and that
achromasia can occur without osmosis of the cytoplasm.
I have mentioned that the occurrence of achromasia is a
remarkable thing to watch. It is, of course, better seen at a
room temperature of 30&deg; C. or with a warm stage. Tempera-
tures below this delay osmosis and this causes the majority of
the cells to rupture before loss of stain. When they rupture
the stain disappears instantly provided salts are present. For
instance, if Method 2 is repeated the cells are seen to be
spread out in a purple field. At first they are unstained ;
gradually the granules of the leucocytes turn red and the
cytoplasm colours a faint pink. The nucleus remains un-
stained for some time while the cell is alive, but its outline
slowly turns blue and then becomes bright scarlet demon-
strating that death has taken place. The chromatin network
shows up well and for a short time it gets a deeper and
deeper colour, until one almost wonders whether it is going to.
turn black. After a little time, however, a climax is reached,
and then achromasia begins. The colour slowly fades away
from the nucleus, almost imperceptibly at first, until at last.
the cell remains quite unstained. The phenomenon reminds-
one of a magic-lantern dissolving view.
These experiments form part of my researches into the life
and death of leucocytes, my aim being to measure the in
vitro life of these cells in the hope of obtaining an estimate
of cell-immunity thereby. A procedure for differentiating
living from dead leucocytes has already been published. The
subject of this paper refers to cells that are dead. This
phenomenon of achromasia is frequently met with when
counting the number of dead and living leucocytes in a tube-
of citrated blood by the procedure mentioned (3). It is-
important, therefore, to beable to recognise achromasia, for it
is a certain sign of death.
I am publishing this method of in vitro staining, which has
revealed some interesting points in the life of cells, in the
hope that the explanation of achromasia which I have offered
may be useful to others who wish to employ stained agar for-
the examination of blood.
I am indebted to Dr. M. Armand Ruffer, C.M.G., President
of the Sanitary and Quarantine Council of Egypt, for having.
given me an opportunity for continuing these researches.
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" ENDEMIC FUNICULITIS."
BY D. K. COUTTS, F.R.C.S. ENG., B.S. LOND., &c.,
LATE RESIDENT SURGEON, KASR-EL-AINY HOSPITAL, CAIRO.
THE condition so admirably described, under the above
title, by Dr. Aldo Castellani on p. 15 of THE LANCET of
July 4th, 1908, is also endemic to Egypt. In THE LANCET’
of Feb. 23rd, 1907, p. 505, Mr. F. C. Madden drew attention
to the disease, naming it " Cellulitis of the Spermatic
Cord." During my term of office at Cairo ten patients
suffering from endemic funiculitis were admitted to the-
hospital. I was able to operate upon and to investigate five
of these. On the whole my results agree with those obtained
by Dr. Castellani. There is no doubt but that the same
curious condition of the tissues of the spermatic cord is
found both in Ceylon and in Egypt. With regard to
etiology and treatment, I wish to bring forward sugges-
tions which may be of use in the further investigation of the
condition.
Incidence.-In Egypt the condition is decidedly rare.
Only ten cases were seen among 13,657 admissions. It
appears to be a disease of young adults. In my series the
average age was 28’ 6 years, the youngest patient being 15
and the oldest 34 years.
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